Eighteen weanling horses were assigned to two treatments: limited or ad libitum feed intake. Growth and feed utilization were evaluated over a 78-wk period. Ad libitum-fed horses gained 24% more (P < .05) weight than limit-fed horses. Total BW was distributed into 57% fore and 43% hind weight and did not differ between groups regardless of dietary treatment or age. Net gain and ADG in wither height of ad libitum-fed horses exceeded (P < .05) that of limit-fed horses over 78 wk. Ad libitum-fed horses consumed 19, 44 and 34% more digestible energy (DE) than indicated in 1978 NRC tables from 6 to 12 mo, 12 to 18 mo and 18 to 24 mo of age, respectively. Total DE intakes were positively correlated to weight and therefore were confounded by age. Weight-scaled DE intake of ad libitum-fed weanling horses increased .2% for each 1 C ~ decrease in barn temperature below O~ Maintenance energy requirements were estimated at 37.8 and 35.6 kcal DE/kg BW for limit-and ad libitum-fed horses, respectively. Grams of gain per megacalorie of DE consumed above maintenance ranged from 83 to 24 g/Meal and were only 22 to 75% of values derived from 1978 NRC tables. Energy guidelines given by NRC were considered suitable for growth based on normalcy of musculoskeletal growth. However, the ADG by our horses, which were fed high-forage diets, were lower than those predicted by 1978 NRC.
Introduction
Young horses expected to mature at 500 kg BW are reported to gain .47 to .8 kg/d (NRC, 1978; Meyer, 1983) . Digestible energy (DE) requirements for this class of horse are given at 14 to 15.8 Mcal/d (AEC, 1978; NRC, 1978) . In practical feeding situations, however, nutrient intakes by growing horses appear to be highly variable (Knight et al., 1985) . A special concern exists for group-fed young horses that may have access to unrestricted amounts of feed either intentionally or accidentally. Both weight and skeletal growth rates of young horses can be affected by diet, particularly by alteration in energy and protein intake (Ellis and Lawrence, 1978; Boren et al., 1987; Schryver et al., 1987; Szczurek et al., 1987) . However, ideal growth rates are not known for horses (Hintz, 1979) . Ambient temperature is one variable that may influence energy requirements of young horses (Young and Coote, 1973) .
The objectives of this study were to compare feed and DE intakes, DE efficiency and growth of limit-fed and ad libitum-fed horses between 6 to 24 mo of age and to examine influences of ambient temperature on these measurements.
Experimental Procedure
Dietary treatments were assigned to horses in a randomized complete block design. Age effects were analyzed as split plots within blocks (Federer, 1955) . Temperature was included as an independent variable. The two dietary treatments imposed were 1) limit fed, defined as the group receiving diet to supply 403 minimum NRC (1978) energy intakes and 2) ad libitum fed, defined as the group receiving the same diet but in unlimited amounts. Total daily feed offered to limit-fed horses was equal to NRC (1978) DE requirements scaled to BW. Limit-fed horses received 2.2 kg DM/100 kg BW. Total feed given each horse was adjusted weekly according to change in BW. Intakes of all horses used in the study were measured daily. Three age periods were evaluated using the age divisions of NRC (1978) : 1) Period 1, 6 to 12 mo; 2) Period 2, 12 to 18 mo; and 3) Period 3, 18 to 24 too. Weanlings were about 6 mo old at the start of the study.
Experimental Diets. Ingredient and nutrient compositions of experimental diets are given in Table 1 . All diets were pelleted using steam and a 16-mm die. Diets were changed after every 6-mo period. A 2-wk transition period was used to adjust horses to new diets at the end of each period, during which old and new diets were fed in 50:50 proportions. The actual DE concentrations of diets for limit-and ad libitum-fed horses were determined by total collection methods (Cymbaluk et al., 1989) .
Animals and Housing. Eighteen Quarter
Horse or Paint x Quarter Horse colts were used. Except for two, the colts had similar sires or related dams and were raised similarly until weaned. Horses were housed in an unheated, concrete-floored barn but were given 6 h exercise daily in a large, packed clay paddock that contained an open front shed. Colts were castrated at 13 mo of age.
Morpbometric Measurements
Total, Fore and Hind Body Weight. Weight measurements were made on a large-animal scale. The main platform, for total BW measurement, was secured over metal bars enclosing four load cells. Separate platforms extended on both ends of the main platform so that each horse could be advanced incrementally to obtain fore, total and hind BW. These measurements were taken weekly and recorded to the nearest .5 kg.
Cannon Bone Circumference, Witber and Croup Height. Cannon bone circumference was taken at the mid-point of the left metacarpal bone. These measurements, made at 2-wk intervals in Period 1 and at 4-wk intervals in Periods 2 and 3, were recorded to the nearest .25 cm. Wither and croup height, taken at anatomical landmarks previously described (Leach and Cymbaluk, 1986 ) using a horizontal level Kleinbaum and Kupper (1978) . Statistical analyses were made using SAS (1985) .
Item
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Mean Daily Temperature. Mean daily temperatures of the horse barn were 1.8~ 12.7~ and 1.6~ in Periods 1, 2 and 3, respectively. The range of daily mean temperatures in each period were: Period 1, -20.6 to 22~ Period 2, -13.2 to 26.4~ and Period 3, -13.4 to 22~ Mean daily temperatures were highly correlated (r = .98, P < .001) to minimum daily temperatures. Thus, mean temperatures were used in subsequent analyses.
Diets. The nutrient compositions of diets are given in Table 1 . Actual DE concentrations of Period 2 and 3 diets, as determined for limitand ad libitum-fed horses by collection methods, were different (P < .05) (Cymbaluk et al., 1989) . In each period, crude protein, Ca and P intakes by both groups exceeded NRC (1978) guidelines (Cymbaluk et aL, 1989) .
Growth Rates. Weight, height, ADG and net gains of limit-and ad libitum-fed horses from 6 to 24 mo of age are given in Table 2 . Ad libitum-fed horses gained 24, 23 and 23% more (P < .05) total, fore and hind BW, respectively, than limit-fed horses. Total BW was distributed into 57% fore and 43% hind BW and did not differ with dietary treatment or period. Overall, the ADG of total, fore and hind BW and wither height of ad libitum-fed horses exceeded (P < .05) those of limit-fed horses (Table 2) . Ad libitum-fed horses grew 10.6% more (P < .05) in wither height than limit-fed horses. Cannon bone circumference, gain in cannon bone cir- 
Dry Matter Intake. Mean total BW, DM, DE
intakes, ADG and DE efficiency for each period and overall are given in Table 3 . Ad libitum-fed horses consumed 21, 31, and 30% more (P < .01) total feed DM than limit-fed horses in Periods 1, 2 and 3, respectively. The maximum DM intakes recorded for ad libitum-fed horses in Periods 1, 2 and 3 were 3.34, 3.80, and 3.91 kg DM/100 kg BW, respectively. Intakes at these amounts were seldom sustained beyond 3 to 4 d. Daily DM intake patterns of both groups of horses were characterized by depressions in intake following diet transitions (Figure 1 ). Between Periods 1 and 2, weight-scaled DM intake by ad libitum-fed horses were not statistically different from previous weekly intakes. However, a significant depression (P < .05) occurred for limit-fed horses. In the transition between Periods 2 and 3, DM intakes per 100 kg BW were lower (P < .05) by both groups for 6 wk ( Figure 1) .
Overall, total DM intake by both groups increased quadratically (P < .0011 with age ( Figure 1 ), but intraperiod intakes were best described by linear equations (Table 4 ). Daily feed given to limit-fed horses was based on BW and was expected to be highly correlated to weight overall (r = .97, P < .001) and, thus, to age (r --.92, P < .001). Similarly, DM intakes by ad libitum-fed horses also were found to be correlated to weight (r = .84, P < .001) and age (r--.77, P < .001).
The effect of temperature on total DM intake is given in Table 4 . In fall-winter (Periods 1 and 31, DM intake (kg/d) was positively correlated (P < .05) to temperature, but intake was related negatively to temperature in spring-summer (Period 2). Between 6 to 12 mo of age, ad libitum-fed horses decreased total DM intake by .9% for each degree temperature decrease below 0~ Between 12 to 24 mo of age, these horses decreased DM intake by .3 to .4% with each Celsius degree temperature increase in summer (Period 2) and each Celsius degree decrease in winter. But, DM intake was highly related to (P < .001) and confounded with weight and age (Table 4 ). Correcting DM intake to 100 kg BW removed age effects in Period 1 and temperature effects in Periods 2 and 3. Temperature had a low, negative correlation to weight-corrected DM intake in Period 1 (r = -.17, limit; r = -.18, ad libitum; P < .01).
Digestible Energy Intake. Mean total and
weight-scaled DE intakes by limit-and ad libiturn-fed horses are given in Table 3 and shown in Figure 2 . Daily and weekly DE intakes (Table  3) were calculated using actual values of dietary DE (Table 1 ) determined for each group. Total DE intakes by limit-fed horses were .5 to 4.5% below values recommended by NRC (19781 in Periods 1 to 3. Subnormal DE intakes by limitfed horses occurred during transitions to Periods 2 and 3 diets because of feed refusal. This was compounded in Period 3 by the low energy digestibility of the diet (Table 1 ).
Digestible energy intakes by ad libitum-fed horses exceeded (P < .01) those of limit-fed horses by 21, 44 and 42% (Table 3) Within periods, responses of total and weightscaled DE intake to mean temperature, weight and age were similar to those obtained for DM intake (Table 4) when multiplied by appropriate DE content (Table 1) . Overall, daily DE in- kilocalories DE intake on ADG. The equation for limit-fed horseg was gain (g ADG/kg BW) = --3.01 + .0798 DE (kcal/kg BW) (R 2 = .33), and the SE of the intercept was .45. The analogous equation for ad libitum-fed horses was gain (g ADG/kg BW) = --1.72 + .0481 DE (kcal/ kg BW) (R 2 = .26) with an intercept SE of .39. Solving for zero gain, maintenance DE requirements were determined to be 37.8 and 35.6 kcal/kg BW for limit-and ad libitum-fed horses, respectively.
Digestible Energy Efficiency. Digestible energy for gain was defined as grams BW gain per megacalorie DE consumed above maintenance. The mean of maintenance energy requirement (36.7 kcal/kg BW) obtained for both groups was used. Mean DE efficiencies for each period are given in Table 3 . Digestible energy efficiency differed between groups only during Period 2, when limit-fed horses were more efficient (P < .07) than ad libitum-fed horses. Digestible energy efficiencies were highly variable for both groups in Period 3, and this negated statistical differences despite widely divergent means. Digestible energy efficiencies were negatively correlated (P < .01) to age, temperature and BW in Period 1 (Table 5) . Overall, DE efficiency had a low, negative correlation (P < .05) to BW. takes were positively correlated (P < .001) to BW, which confounded the age and mean daily temperature responses of both groups. Because BW was the main determinant of total DE intake, correction of DE intake to a constant weight was used to adjust for confounding. Weight-scaled DE intake decreased with age for limit-(r = -.92, P < .001) and ad libitum-fed horses (r = -.65, P < .01) (Table 4) but was unrelated to temperature overall (data not shown).
Average Daily Gains. Average daily gains of limit-and ad libitum-fed horses within periods and overall are given in Tables 2 and 3 . Average daily gain had a high standard error, indicating large individual variability. Ad libitum-fed horses gained weight more rapidly (P < .01) than limit-fed horses in Periods 1 and 3. Both groups had similar weight gains in Period 2. Weight-scaled ADG was negatively correlated (P < .001) to mean temperatures in Period 1. Total and weight-scaled ADG declined (P < .001) with age.
Maintenance energy requirements were extrapolated from regression of weight-scaled
Discussion
Young horses with ad libitum access to pelleted diets containing at least 60% forage ate 21 to 31% more DM and consumed 19 to 44% more DE than horses fed diets limited to NRC (1978) DE guidelines for growth.' The present data show that dilution of dietary DE concentration by using high proportions of forage in complete pelleted diets did not effectively restrict energy intake by young horses fed ad libitum. Therefore, if energy intake must be regulated by young horses, both concentrate and hay intake mu st be controlled.
The higher nutrient intake by ad libitum-fed horses supported an overall higher rate of weight gain and wither growth than that obtained for limit-fed horses. Total weight distribution of our young horses was 57% fore and 43% hind BW and is similar to that given for adult horses (Bjorck, 1958) . Weight distribution was not changed by dietary treatment. Wither growth rate was more rapid for ad libiturn-fed than for limit-fed horses, but gain in croup height did not differ between treatments. Dietary treatment affected ADG of both groups from 6 to 24 mo of age. Weight gains obtained for our horses as weanlings were comparable to those obtained by others (Boren et al., 1987; Szczurek et al., 1987) . Average daily gain typically declines with age in horses (Frape, 1986) . This occurred for both groups of horses from 6 to 18 mo of age, although both groups had increased their total daily DE intake. The proportion of fat deposited relative to muscle increases in young horses from 6 mo to 24 mo of age (Schryver et al., 1974; Agabriel et al., 1984) . This can decrease DE efficiency (Reid et al., 1980) and may account for the slower weight gain seen with higher DE intakes by horses with maturity.
Our ad libiturn-fed young horses had voluntary DM intakes (Table 2 ) similar to those of growing horses and mature ponies (Mendel, 1973; Laut et al., 1985) . Voluntary DM intake varied among periods and likely was due to changes in dietary composition or energy content. In other domestic livestock species, feed intakes increase when dietary metabolizable energy content is reduced and may be a hormonally mediated negative feedback mechanism to maintain body fat stores (Forbes, 1985) . Ad libitum-fed horses increased DM intake as dietary DE content decreased and thereby maintained a similar weight-scaled DE intake from Period 1 to 2 (Table 3) . Weightscaled DE intake by this group declined in Period 3, but total DE intakes were similar to those in Period 2 (Table 3) . Presumably, the reduction in weight-scaled DE intake was due to decreases in dietary DE content and weightscaled DM intake ( Figure 1, Table 3 ). Voluntary intakes of the Period 3 diet were lower, likely because of a higher fiber content and low digestibility (Table 1 ). This could prolong passage time. Gut capacity may have been the limitation of DM and energy intake when this diet was fed.
During diet transitions, both groups showed a depression in feed intake. Adaptation to new diets may be prolonged. Laut et al. (1985) observed that ponies needed 14 d to reach maximal intakes when fed low-energy, sawdustdiluted diets. Adaptation to new diets, particularly to those low in energy content, may be of sufficient duration to adversely affect growth if no alternate feeds are available.
Total DM intake by horses decreased as temperatures declined in cold seasons and as temperatures increased in spring-summer. The cold weather responses were contrary to the traditional belief that feed intakes increase in cold weather (NRC, 1981) , although similar observations were made for feedlot cattle (Milligan and Christison, 1974; Senft and Rittenhouse, 1985) . The latter authors proposed that feeding activities are reduced by thermal stress, but increase or decrease as a function of acclimated temperature.
For growing horses, daily DM intake is largely determined by BW and accordingly is related to age. Because age and temperature were related in the present study, temperature effects on total DM intake were confounded by both age and weight. To minimize these latter effects, feed intakes were scaled to BW. Extremely cold temperatures occurred early in the study. This coincided with foals at their lowest weight and consuming their smallest feed intakes. Thus, the apparent decrease in feed intake with decreasing ambient temperatures (Table 4 ) may be an artifact of low BW at a young age. Scaling intake to a constant weight removed effects of temperature except in the weanling period, in which the intake-temperature response seen for daily values was reversed. Between 6 and 12 mo of age, weight-scaled DE intake by ad libitum-fed horses increased .2% for a 1 C ~ decrease in mean daily temperature below 0~ in the unheated barn. This differed from horses of a similar age reared outdoors that reduced weightscaled DE intakes by 6.1% at temperatures below -10~ compared with those above -10~ (Cymbaluk and Christison, 1988) . Weight-scaled DE intake by these horses as yearlings was unaffected by temperature fluctuations when housed in the same facility during winter. However, all horses were in good to fat body condition. Temperature extremes alone had little apparent effect on feed intake in yearling horses in good body condition. However, other environmental factors, including precipitation and wind, must be considered in defining DE requirements of growing horses housed outdoors without shelter.
Maintenance DE requirements for limit-and ad libitum-fed horses were determined to be 37.8 and 35.6 kcal DE/kg BW, respectively. These values are similar to the value of 30 kcal DE/kg BW obtained for mature horses (Pagan and Hintz, 1986) . Higher maintenance DE requirements can occur during growth, at ambient temperatures outside the thermoneutral zone, with increased activity, or if the diet has a low metabolizability (Reid et al., 1980 Milligan et al. (1985) , who estimated that young horses fed at 125% of NRC (1978) DE intakes were 50% as efficient as indicated by NRC. A decline in DE efficiency could occur as fat deposition increases relative to protein.
Most of the compositional changes in horses occur between birth and 1 yr of age (Schryver et al., 1974; Agabriel et al., 1984) . This may account for the lower DE efficiencies in horses older than 12 mo of age. Disparities between our observations and those of NRC (1978) also may have arisen from differences in diet metabolizability, temperature stresses or physical activity (Reid et al., 1980) .
End products of grain digestion may be more efficiently used for gain than those of forage digestion (Frape, 1986) . A high proportion of forage used in the present diets may have affected DE efficiency adversely. An increase in physical activity also would lower DE efficiency. Our horses, particularly the horses fed ad libitum, were very active. They commonly spent an hour in vigorous play, including cantering and mock fighting, after being released into the paddock. The NRC (1978) estimated that per hour of activity, 5 kcal DE/kg BW can be expended inslow trotting and cantering and .5 kcal DE/kg in walking. It was impossible to determine the actual DE expenditure for activity by horses in the present study, but a minimum expenditure can be estimated at .5 to 1 Meal daily for idle walking to values above 3 Meal daily in vigorous, voluntary exercise.
The primary consideration when devising a feeding program for young horses is the goal of producing normal soft tissue and skeletal development. Gait analysis of horses in the present study (D. H. Leach and N. F. Cymbaluk, unpublished data) indicated that only two horses (both in the ad libitum group) showed apparent conformational changes at 1 yr of age. Yet by 2 yr of age, four horses in the ad libitumfed group had forelimb conformation faults (two had valgus or varus deviation of the carpal joint and two were over at the knee), which influenced the normal movement pattern of the forelimbs. Two had overt hindlimb lamenesses involving the tarsal joint, and three were judged as sound although their gait looked unrefined and uncomfortable due to a short, choppy stride, a limited range of motion and angulation of the limbs. By contrast, two animals in the limit-fed group had subtle forelimb timing asymmetries in gait and six were sound, although the gait of two of the sound horses did not look comfortable.
Further long-term studies are needed to clarify the DE requirements for growth and development of horses. These studies should evaluate the effects of diet and of body composition, physical activity and climatic variables on DE utilization by growing horses.
